AIM To identify a cohort of children with cerebral palsy (CP) from hospital data; determine the proportion that participated in standardized educational testing and attained a score within the normal range; and describe the relationship between test results and motor symptoms.
INTERPRETATION One-third of children with CP participated in standardized testing and achieved a result in the normal range. The proportions were lower in children with more severe motor symptoms.
Many children with cerebral palsy (CP) have disabilities that can limit participation in schooling. 1 In Australia, as with other high income countries, there has been an emphasis for several decades on integrating children with disability into mainstream schools with support such as teachers' aides and assistive technology. 2 In a European survey, the proportion of children with CP attending a mainstream school was reported to vary between countries from 20% to 93% in 2004 to 2005 . 3 The policy of mainstream schooling for children with CP can be hard to evaluate, as there is a lack of CP-specific population-level data describing participation and outcomes of schooling through to high school level. Furthermore, studies must accommodate the wide spectrum of disability in CP and the corresponding variation in developmental and educational trajectories.
Since 2008 in Australia, the National Assessment Program -Literacy and Numeracy (NAPLAN) standardized educational achievement tests (similar to the National Assessment of Educational Progress in the United States) are administered in May of each year to students in Years 3, 5, 7, and 9. All children who are enrolled in school at the time of the assessment have a result recorded, regardless of whether they sit the test. This provides an opportunity to link clinical data with education outcome data for children who attend school at the time of NAPLAN testing.
This study aimed to identify a cohort of children with CP from hospital records and, using linked educational data, determine the proportion of children who participated in standardized educational testing and attained a test score in the normal range (> À1SD from the mean). A further aim was to describe the relationship between test results and motor symptoms.
We hypothesized that, compared with children who were not identified as having CP, the proportions of the identified CP cohort who would participate in NAPLAN testing and achieve a test score in the normal range would be lower. We also hypothesized that these proportions would be even lower among children with CP with more severe motor symptom topography, as limitations in gross motor function are associated with learning disability and restricted participation in education.
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METHOD
This was a population-based retrospective cohort study using linked data from New South Wales (NSW), Australia. NSW is the most populous state in Australia with 7.6 million residents and 96 000 births in 2015. 5, 6 Data sources and study population Data on hospital in-patient stays were drawn from the Admitted Patient Data Collection ('hospital data') for discharge dates from 1st July 2000 to 31st March 2014. The data cover all admissions to NSW public and private hospitals and day procedure centres, with diagnoses coded according to the International Classification of Diseases, Australian Modification (ICD-10-AM). Children with a date of birth from 1st January 1994 to 31st March 2014 and who were aged under 16 years at the time of admission were eligible for analysis. Fact of death records for everyone who died in NSW during the period 1st January 1994 to 31st March 2014 came from the NSW Register of Births, Deaths and Marriages ('mortality data'). NAPLAN results ('education data') were available for children who attended NSW government schools in school years 2009 to 2014. 7 In NSW, government schools account for approximately 70% of primary (elementary) school students. 8 Tests are administered in grades 3, 5, 7, and 9 and results are reported as a score out of 100, standardized to be comparable across states, school grades, and years. 7 There are five tests in total: numeracy, reading, writing, and language conventions (one testing spelling and the other testing grammar and punctuation). We used only reading and numeracy results, as these were most stable over time. 9 Children who were enrolled in school at the time of NAPLAN but did not sit the test have the reason for not sitting the test recorded. Children who did sit the test are categorized into one of six achievement bands based on their equated scores and nationally defined cutpoints for each grade.
A child was identified as having CP if they had one or more hospital record with an ICD-10-AM code G80-G83 (CP and other paralytic syndromes) in any field. [10] [11] [12] We omitted diagnoses that were coded as the sequela of spinal cord injury, and excluded children whose first CP admission included a spinal cord injury code and no brain injury codes. We made further exclusions consistent with Australian CP registry rules, for example children who had any diagnosis code for designated progressive neurological conditions, congenital syndromes, or chromosomal abnormalities (Table SI and Appendix S1, online supporting information). 13, 14 The NSW Centre for Health Record Linkage created the linkage keys using probabilistic methods based on identifiers received directly from the data custodians. Following the principle of data separation, custodians combined the keys with the clinical data to provide deidentified data sets to the researchers for analysis. Linkage keys allowed all records for an individual to be joined within and between data sets. The false linkage rate for this process is estimated at 3 per 1000 linkage identifiers. 15 This study was approved by the New South Wales Population and Health Services Research Ethics Committee.
Outcomes and descriptive variables
The hospital data provided sex, year of birth, and inpatient diagnoses, and age and Australian state of residence at admission. We used age of death from mortality data and records of hospital in-patient death to determine which children survived to an age of 9 years and therefore should be included in the denominator for calculating the rate of linkage to education data.
We assigned each child's motor symptom topography according to any specific ICD-10-AM codes found on any hospital admission record. When the code(s) were ambiguous, we characterized the child's symptom topography as unspecified.
Chronic eye or ear conditions were determined using ICD-10-AM diagnosis codes as described by Hardelid et al. 10 We assigned a diagnosis of epilepsy based on codes G40 and G41, ignoring codes for convulsions (R56) as recommended for improved specificity. 16 Finally, we assigned indicators of several chronic conditions based on the presence of individual diagnostic codes: feeding difficulties (R63.3), gastrostomy (Z43.1 or Z93.1), and dependence on a wheelchair (Z99.3).
Each child who had reached the minimum age for grade 3 by the end of the study could have up to four linked educational assessment records (for grades 3, 5, 7, and 9). The status of each assessment was either: absent; withdrawn on parental request; exempt because of significant intellectual or functional disability that severely limits the child from participating in the test; or, result available. For ease of interpretation, we dichotomized the reading and numeracy outcomes for each linked record as (1) in the normal range, defined as the child sat the test and had a result greater than minus one standard deviation (> -1SD) from the mean or (2) absent, withdrawn, exempt, or result available and less than or equal to minus one stand deviation (≤À1SD) from the mean. This also reflects the official reporting practice which deems that students who are exempt from NAPLAN are below the national minimum standard. For analyses based on a single result per child, we used the earliest linked result (i.e. grade 3 if available, otherwise grade 5 etc.). The record also contained variables describing if the child received special assistance to access the test such as a support person, large print/braille test material, rest breaks, or assistive technology (described as 'adjustments for students with disability'). 17 What this paper adds • The rate of disability-related exemption from standardized educational testing was almost 50%.
• Thirty per cent of children with CP achieved educational scores in the normal range.
Education data also included a unique identifier for each school, and the school-level index of community socioeducational advantage (ICSEA). From 2010, schools with data on five or fewer students, juvenile justice schools, and special schools for students with disability were not assigned an ICSEA value. As the third of these reasons is the most common for students with CP, lack of an ICSEA score is a reasonable surrogate for special school status. 18 Statistical methods and software
We described the cohort by counts and proportions. As age and time distributions were skewed, we described these by the median with 25th and 75th centiles (labelled as interquartile range). Educational assessment results were analysed as proportions with 95% confidence intervals, with errors adjusted for clustering within schools using the SAS SURVEYFREQ procedure. All analyses were done using SAS version 9.4 (SAS Institute, Cary, NC, USA).
RESULTS
We identified a cohort of 3944 children with CP (Table I and Fig. S1 , online supporting information). Diagnosis codes allowed a motor symptom topography to be assigned for about 60% of the CP cohort, with hemiplegia most common. Fiftyeight per cent of children with CP were male. Median age at first diagnosis was 3 years 10 months (interquartile range 1 year 11 months-6 years 8 months) and median hospitalrecord follow-up time was 10 years 11 months (interquartile range 7 years 8 months-13 years 0 months). Follow-up varied by birth year, with hospital data for children born in the year 2000 (i.e. the earliest year for which hospital records could be linked) most complete. As a consequence, the number of cases identified was highest for a birth year of 1998, and declined steeply from 2002 onwards (Fig. S2 , online supporting information). By the end of follow-up, the proportion of the cohort who had died was 6%. As shown in Table II , epilepsy was the most common of the chronic conditions considered (31%) and wheelchair dependence the least common (9%).
One or more linked educational assessment records were available for 45% of the cohort (n=1770); one or more education records in years 2009 to 2014 were also available for 754 091 children without CP. Of those in the CP cohort who were born in 2000 to 2004, alive at age 9 and resident in NSW at the time of their first hospital diagnosis of CP (and who therefore could actually sit the grade 3 test), 70% had one or more linked educational assessment. Of those in the overall CP cohort who had a linked education record in years 2010 to 2014, 33% attended a special school (compared with 1% among children without CP) and 67% attended a mainstream school. Of those in the overall CP cohort who had a linked record in years 2009 to 2014, 4% were reported as absent, 3% as withdrawn, and 46% exempt for the reading task, compared with 3%, 1%, and 2% among the corresponding children without CP (proportions were similar for the numeracy task). Reading task exemption rates ranged from 20% for children with isolated hemiplegia to 85% for children with tetraplegia. Of those sitting the reading task, 18% had one or more form of special assistance, compared with 1% among children without CP (again, with similar proportions for the numeracy task). All children with a linked education record and not reported as absent, withdrawn, or exempt had a test score. Table III shows the proportion of children in the CP cohort who had test scores in the normal range. The proportion (about 30%) was not appreciably different at different grade levels (3) (4) (5) (6) (7) (8) (9) or between reading and numeracy tasks. The proportion of children who had a test score greater than one standard deviation above the mean was 6%. Note that children who were absent, withdrawn, or exempt were retained in the denominator.
The proportion of children who had test scores in the normal range for their earliest linked educational assessment was greatest among those with hemiplegia (>40%), and lowest among those with tetraplegia (<10%) ( Table IV) . Proportions were similar for reading and numeracy tasks.
DISCUSSION
Of children with CP who had linked education data, onethird participated in standardized reading and numeracy tests and achieved a result in the normal range, despite CP-related disability. As expected, children with more severe motor symptoms were less likely to sit the tests and achieve a result in the normal range.
About two-thirds of the children attended a mainstream school, even though test exemption rates suggest that half had a disability which precluded participation in testing. Only one in five children with CP who took part in the tests received special assistance but there were no data to indicate if all children had access to a test support person or assistive technology when required. High rates of exemption also prompt the question of whether parent and educator choice to exempt a child is an unbiased reflection of actual inability to carry out the test. The proportion of children who attended a mainstream school was similar to that reported in a survey of a sample of 11-to 12-year-olds with CP conducted in the Australian state of Victoria. In the Victorian survey, 30% attended an ungraded/special developmental school class rather than following the mainstream curriculum. 19 As the NSW CP register is voluntary and does not currently meet the national minimum ascertainment requirement, 20 we opted to identify a cohort of children with CP from hospital in-patient data alone. Hjern and Thorngren-Jerneck demonstrated that this approach is feasible using Swedish hospital data and, more recently, Hollung et al. found acceptable completeness and correctness for a similar cohort in Norway by validating against a comprehensive population-based register. 21, 22 Among our cohort, we found rates of epilepsy consistent with those observed in other Australian data. 4 Other chronic conditions may have been under recorded in hospital records, for example the rate of recorded wheelchair dependence (9%) was low compared with the proportion in interstate registers who were categorized as Gross Motor Function Classification System level V (16%). 4 The strengths of this study include the availability of linked data describing chronic conditions and educational tests from birth through to the age of about 15 years for a sizeable cohort, despite the relatively low prevalence of CP. Educational data were available for 70% of eligible primaryschool age children with CP, which is the same proportion of children that attend government schools among the overall primary-school age population (educational data were not available from non-government schools).
Limitations of this study include the potential for incomplete or incorrect ascertainment of CP and incomplete or incorrect classification of motor symptom topography and chronic conditions. Based on results from other studies with comparable follow-up time, we expect the overall ascertainment rate of CP to be about 80%. 21, 23 As children with mild CP are less likely to require hospital admission or to have a CP diagnosis recorded on their hospital admission summary, our cohort may be biased towards more severe cases, and this bias is likely to be worse for birth cohorts from 2002 onwards where followup is shorter and ascertainment rates are noticeably reduced. For the present study, the consequence would be a slight overestimate of chronic condition prevalence and a slight underestimate of the proportion achieving test results in the normal range. Guidelines for CP diagnosis and coding did not change over the period of follow-up.
The proportion of the cohort misclassified as having CP is possibly 10% to 20% and is likely to consist of individuals with CP-like symptoms. The validation study by Hollung et al. 22 found that a hospital in-patient diagnosis of CP had a positive predictive value of 86%. Those misclassified as having CP most commonly had epilepsy, developmental disorders of motor function, unspecified intellectual disability, other brain disorders, or motor dysfunction with postneonatal causes. 22 In the present study, false positives were unlikely to bias outcomes greatly.
Comparing the distribution of motor topographies in our results to interstate register data suggests some degree of misclassification as, along with a large proportion who could not be classified, we found a lower proportion of children with diplegia (19% vs 31%), and a higher proportion with hemiplegia (51% vs 34%). 20 Hollung et al. 22 found that agreement between International Statistical Classification of Diseases and reviewer-assigned motor symptom topography classification was acceptable with a kappa (j) statistic of 0.75. Our linked data set does not contain any educational data beyond the NAPLAN test participation status and results, so we are unable to describe other aspects of the educational experience of the children who were reported as exempt.
We believe our education findings are generalizable to other Australian states, as CP cohorts should be broadly similar across the country, and standardized tests are administered consistently. While education is a state responsibility, all states follow a policy of mainstream schooling for children with disability. 2 The broader results are likely to be valid internationally: about 50% of children with CP had disabilities severe enough to prompt exemption from standardized testing, while about one-third were able to complete reading and numeracy tests and perform in the normal range. Using a record linkage approach, these results show the variation in educational participation and achievement among children with CP. Increasing availability of education data for linkage, including school readiness assessments such as the Australian Early Development Census, will allow future detailed longitudinal study of education among children with CP, such as investigating changing participation and test performance over the course of schooling in relation to clinical determinants. data. This work was supported by the Australian National Health and Medical Research Council (#APP1001066). CLR was funded by an NHMRC Senior Research Fellowship (#APP1021025). MBG and ST were funded through a New South Wales Ministry of Health 'Population Health and Health Services Research Support Program' grant. The funding agencies listed had no involvement in the study design; in the collection, analysis, and interpretation of data; in the writing of the report; and in the decision to submit the article for publication. This work was completed while MBG was employed as a trainee on the Biostatistics Training Program funded by the NSW Ministry of Health. He undertook this work while placed at the Kolling Institute. The authors have stated that they had no interests that might be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online: Table SI : Progressive neurological conditions, congenital syndromes and chromosomal abnormalities excluded from the CP case definition Appendix S1: Case exclusion criteria. Figure S1 : Flow of participants. Figure S2 : Children with cerebral palsy by year of birth.
